Lidocaine is a commonly used local anaesthetic that, besides blocking voltage-dependent Na + channels, has multiple inhibitory effects on muscle-type nicotinic acetylcholine (ACh) receptors (nAChRs). In the present study, we have investigated the effects of lidocaine on ACh-elicited currents (I ACh s) from cultured mouse superior cervical ganglion (SCG) neurons, which mainly express heteromeric ␣3␤4 nAChRs. Neurons were voltage-clamped by using the perforated-patch method and I ACh s were elicited by fast application of ACh (100-300 M), either alone or in presence of lidocaine at different concentrations.
a b s t r a c t
Lidocaine is a commonly used local anaesthetic that, besides blocking voltage-dependent Na + channels, has multiple inhibitory effects on muscle-type nicotinic acetylcholine (ACh) receptors (nAChRs). In the present study, we have investigated the effects of lidocaine on ACh-elicited currents (I ACh s) from cultured mouse superior cervical ganglion (SCG) neurons, which mainly express heteromeric ␣3␤4 nAChRs. Neurons were voltage-clamped by using the perforated-patch method and I ACh s were elicited by fast application of ACh (100-300 M), either alone or in presence of lidocaine at different concentrations.
I ACh s were reversibly blocked by lidocaine in a concentration-dependent way (IC 50 = 41 M; n H close to 1) and the inhibition was, at least partially, voltage-dependent, indicating an open-channel blockade. Besides, lidocaine blocked resting (closed) nAChRs, as evidenced by the increased inhibition caused by a 12 s lidocaine application just before its co-application with the agonist, and also enhanced I ACh s desensitisation, at concentrations close to the IC 50 .
These results indicate that lidocaine has diverse inhibitory actions on neuronal heteromeric nAChRs resembling those previously reported for Torpedo (muscle-type) nAChRs (Alberola-Die et al., 2011). The similarity of lidocaine actions on different subtypes of heteromeric nAChRs differs with the specific effects of other compounds, restricted to particular subtypes of nAChRs.
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Introduction
Nicotinic acetylcholine receptors (nAChRs) are pentameric ligand-gated ion channels (LGICs) that mediate fast synaptic transmission in peripheral and central nervous system. An outstanding characteristic of nAChRs is their wide structural heterogeneity, based in both diverse subunit composition and stoichiometry, which associates to subtype-specific functional and pharmacological properties (Gotti and Clementi, 2004; Dani and Bertrand, 2007) . So far, the most studied, and yet the prototypic model for these receptors, is the muscle-type nAChR, localised at the neuromuscular junction of vertebrates and at the electrocytes of some electric fishes, and composed of two ␣1 subunits and one ␤1, ␦ and ␥ or subunits. In the peripheral and central nervous system there are different subtypes of nAChRs, generically called neuronal nAChRs.
Abbreviations: ACh, acetylcholine; I ACh , acetylcholine-elicited current; LA, local anaesthetic; LGIC, ligand-gated ion channel; nAChR, nicotinic acetylcholine receptor; QX-222, 2-(trimethylammonio)-N-(2,6-dimethylphenyl) acetamide chloride; QX-314, 2-(triethylammonio)-N-(2,6-dimethylphenyl) acetamide bromide; SCG, superior cervical ganglion.
In mammalian autonomic ganglia neurons, including the superior cervical ganglion (SCG), the predominant nAChR is the heteromeric ␣3␤4 subtype, though there are a significant percentage of combinations with ␣5 and/or ␤2 subunits (Gotti et al., 2009; David et al., 2010) . Moreover, homomeric ␣7 receptors are also present, but their currents are only evoked in the presence of PNU 120569 (David et al., 2010) . Finally, the two main nAChRs subtypes in the mammalian central nervous system are ␣4␤2 and ␣7 (Flores et al., 1992; Barrera and Edwardson, 2008) though combinations of ␣ (2-5) with ␤ (2-4) subunits and receptors formed by ␣9 and/or ␣10 are also present (Dani and Bertrand, 2007) .
Though lidocaine is one of the local anaesthetics (LAs) more commonly used in clinical practice, its detailed mechanisms of action on muscle-type nAChRs have been only recently studied (Alberola-Die et al., 2011) ; in fact most studies used permanentcharged lidocaine-analogues such as QX-314 or QX-222 (Neher and Steinbach, 1978; Pascual and Karlin, 1998; Papke et al., 2001) . In contrast to QX-314 or QX-222, the molecule of lidocaine has a tertiary amine group, so that, at physiological pH, a fraction of the lidocaine molecules remains uncharged. The simultaneous presence of both forms of lidocaine, charged and neutral, seems to be responsible for the multiple inhibitory actions of lidocaine on muscle-type nAChRs from Torpedo marmorata microtransplanted to Xenopus oocytes, which include open-channel blockade,
